Abstract
Introduction

1
Chronic kidney disease (CKD) has become a public health concern worldwide because 2 of its association with an increased prevalence of end-stage renal disease (ESRD) [1] [2] [3] . In 3 addition, several epidemiological observations and clinical studies have documented a 4 strong association between CKD and accelerated cardiovascular disease (CVD), 5 resulting in increased morbidity and mortality 1, 4 . Recent studies have confirmed that 6 even the earlier stage of CKD constitutes a significant risk factor for cardiovascular 7 events and death 5, 6 ; however, CKD is asymptomatic in its earlier stages. Therefore, to 8 slow the progression of CKD, it is essential to develop better strategies for early 9 detection and intervention using modifiable lifestyle factors.
10
It is widely accepted that sleep is an essential part of a healthy lifestyle; however, 11 approximately 20% of the adult population in western countries and Japan experiences 12 sleep disturbances 7, 8 . In addition, growing evidence indicates that short sleep duration 13 is associated with an increased risk of mortality 9, 10 , CVD [11] [12] [13] [14] , hypertension 15, 16 , and 14 metabolic disorders such as type 2 diabetes mellitus 17, 18 , insulin resistance 19 , and 15 obesity 20 . However, research on the impact of sleep disturbances on earlier stages of factor for ESRD, it remains unclear whether sleep duration is a predictive factor for 1 CKD.
2
With the rapid progress of a 24-hour-a-day society, shift work and related health 3 problems have become common 22, 23 . Epidemiological studies have reported that shift 4 workers are at a significantly increased risk of developing several vascular events, . A previous cross-sectional study reported that an association of night shift 7 work with decreased renal function in police officers 28 . However, to the best of our 8 knowledge, no prospective study has reported an association between shift work and 9 risk of CKD. In addition, shift workers are known to sleep less than day 10 workers 22 . Recent reviews focused on the potential health effects of shift work 11 suggested that sleep disturbances induced by shift work contribute to development of 12 CVD and metabolic disorders 29, 30 . However, there is no study focusing on the effect of 13 shift work in relation to sleep duration and CKD. Therefore, in the present study, we 14 examined the association of sleep duration and shift work with CKD among Japanese 15 civil servants. We also assessed whether shift work acts as an effect modifier in the 16 association between sleep duration and incident CKD. excluded on account of the following reasons: those aged ≥59 years, because they were 10 due for retirement during the follow-up period (n = 156); those for whom data on 11 exposure or relevant covariates was missing (n = 231); those under medical treatment 12 for hypertension, diabetes mellitus, dyslipidemia, or renal disease (n = 665); or those 13 with a history of coronary disease or stroke (n = 71). In order to examine the predictors Creatinine levels were measured using an enzymatic assay (Kanto Kagaku, Tokyo, 6 Japan). Kidney function was assessed in terms of eGFR, which was calculated using the 7 simplified Japanese GFR inference formula developed by the Japanese Society of Chemicals, Tokyo, Japan), and uric acid (UA) (Daiichi Pure Chemicals, Tokyo, Japan).
10
C-reactive protein (CRP) levels were measured by nephelometry with a latex Educational background was categorized as "high school or less" or "more than high 15 school." Frequency of leisure time exercise (with perspiration) was categorized as 16 "rarely or never," "1-2 times/week," or " ≥3 times/week." Smoking status was average daily alcohol consumption, based on the alcohol concentration of each beverage 1 type (g/day, ethanol equivalent), was estimated according to the frequency and amount 2 of consumption and was categorized into the following 4 categories: non-drinkers, <30 3 g/day, 30-59 g/day, and ≥60 g/day. Working hours were calculated as the average 4 number of working hours, including overtime, per week during the previous month.
5
Occupational stress was assessed using the demand-control model (DCM) 33, 34 . The 6 Japanese version of the DCM consists of 5 questions on psychological demands (job 7 demands, time pressures, and conflicting demands) and 6 questions on decision latitude 8 (influence or control over work, job variety, and opportunities for learning new skills).
9
Each question has 4 frequency-based response categories ranging from "never" (1 10 point) to "always" (4 points). Job strain was defined as the ratio of demand to job 
Statistical analysis
14
The Cox proportional-hazards model was used to estimate hazard ratios (HRs) and 15 95% confidence intervals (CIs) of the risk of CKD associated with sleep duration and 16 shift work using the following 2 models: (1) adjusted for age, sex, and eGFR at baseline CRP, proteinuria ≥1+, family history of renal disease, lifestyle factors (smoking, 1 exercise, and alcohol consumption), educational background, working hours, and job 2 strain. In addition, to assess whether the association between sleep duration and CKD 3 was modified by shift work, we stratified the analyses by shift work.
4
All analyses were performed using JMP software version 10.0.0 for Windows (SAS 5 Institute, Cary, NC, USA). A two-tailed probability (P) value of <0.05 was considered 6 statistically significant. 
Results
1
Over an average follow-up period of 4.4 years, a total of 182 cases of CKD (148 in 2 men and 34 in women) were identified. The mean age of the study cohort was 47.0 ± 3 6.7 years. Mean eGFR and sleep duration at baseline were 84.3 ± 13.1 mL/min/1.73 m 2 4 and 6.6 ± 0.9 h, respectively. Baseline characteristics according to sleep duration 5 categories are presented in Table 1 . Compared with participants reporting a sleep 6 duration of 6-7 h, those with a sleep duration of ≤5 h and ≥8 h were more likely to be 7 shift workers. Short sleep duration was associated with younger age; female gender; 8 lower SBP, DBP, TG, fasting glucose, UA, and CRP levels; higher possibility of being 9 non-smoker and non-drinker; more exercise; higher levels of education; longer working 10 hours; and higher job strain. Table 2 shows baseline characteristics according to shift 11 work. Compared with participants without shift work, those with shift work were more 12 likely to be young, males, non-smokers and non-drinkers, less educated, and engaged in 13 more exercise, with longer working hours, and higher job strain.
14
The results of longitudinal multivariate analyses using Cox proportional hazards 15 models to examine the impact of sleep duration and shift work on CKD are presented in 16   Table 3 . Neither sleep duration nor shift work was associated with the risk of CKD. The The results of the present study showed no significant association of sleep duration 2 and shift work with the risk of CKD. However, short sleep duration was associated with 3 a significantly higher risk of CKD in shift workers but not in non-shift workers. sleep duration is the most common health-related problem of shift work and most shift 7 workers suffer from disruptions in circadian rhythms 22, 23 . Recent reviews have 8 hypothesized that sleep disturbances induced by shift work contribute to the 9 development of CVD and other metabolic disorders 29, 39 . Some prospective studies 10 have investigated the impact of shift work on the association between sleep duration and 11 health outcomes; however, the results have been conflicting 15, 40 . For example, the . It is not clear why the conflicting results were found, but they may be related 16 to differences in the methods used for assessment of outcomes or participants. Shift
42
. In the present study, we considered these factors and found that the risk of CKD in 1 shift workers with short sleep duration was significantly increased even after adjusting 2 for lifestyle factors such as smoking status, alcohol consumption, exercise, and job 3 strain. Our results indicated that the interaction of shift work and short sleep duration 4 may promote the development of CKD. Because this is the first study to investigate the 5 association of risk for CKD with sleep duration and shift work, more studies are needed 6 to confirm or refute these findings.
7
The possible reasons for the increased risk of CKD in shift workers with short sleep The strengths of our study include its prospective design and detailed information on 14 potential confounders. However, this study had some limitations as well. First, our sleep 15 duration measure relied on a self-administered questionnaire, which could be 16 susceptible to misclassification, particularly with respect to sleep duration on weekends.
17
The daily average sleep duration of Japanese workers is reportedly 7 h on weekdays, 7.5 h on Saturdays, and 8 h on Sundays 56 . The differences in sleep duration between 1 weekdays and weekends may have influenced the results of our study. In addition, sleep 2 duration was only evaluated once at the beginning of the follow-up period; therefore, 3 we could not examine the possible effects of time-dependent changes in sleeping habits.
4
Assessment of self-reported exposures may result in some misclassification. However, 5 in many similar epidemiological studies, a self-reported measure was used to assess 6 sleep duration and shift work. Moreover, because the outcome was assessed 7 prospectively using blood samples, any misclassification is likely to be non-differential 8 with respect to CKD. Second, we did not have any information on whether workers 9 were engaged in fixed or rotating shift work. One previous study reported that fixed 10 shift work (working mainly at night and the same time every day) was not associated 11 with ischemic heart disease 25 . Further research is needed to assess the effect of patterns 12 of shift work. However, we were unable to assess the effect of fixed shift work 13 because rotating shifts are common among Japanese civil servants. Third, the outcome 14 variable of serum creatinine levels was measured once a year and we used eGFR to 15 define CKD without measurement of urinary albumin excretion. However, annual 16 health examinations are common in Japan and this approach has been used in several 17 previous studies 57, 58 . Fourth, the response rate of our study was rather low (48.1%), so our participants may not necessarily be representative of civil servants in general in 1 Japan. However, because the average sleep duration in our study did not differ from that 2 of middle-aged Japanese people in general 56 , we believe that our results are minimally 3 affected by the low response rate. In addition, only 5% of participants were lost to 4 follow-up, which strengthens our findings.
5
In conclusion, short sleep duration was significantly associated with an increased risk 6 of CKD in shift workers. Additional large prospective studies are needed to confirm this 7 finding and to investigate the possible biological mechanisms underlying this 8 association. 
7.
US-Sleep-Foundation. Sleep in America poll-Summariy of findings. 
